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Dimitrios Tousoulis, MD, FACC, Christodoulos Stefanadis, MD, FACC
Athens, Greece
Objectives The purpose of this study was to investigate the possible correlation between morphologic and functional char-
acteristics of culprit lesions (CL) in patients with acute coronary syndromes (ACS) and chronic stable angina
(CSA).
Background Intravascular ultrasound (IVUS) provides morphologic assessment and intracoronary thermography (ICT) evalu-
ates the local inflammatory activation of CL.
Methods Eighty-one consecutive patients, 48 with ACS and 33 with CSA, were enrolled. Ratio of lesion to reference
external elastic membrane area, indicated by IVUS, was defined as positive remodeling index (pRi) (1) or
negative remodeling index (nRi) (1). We also investigated the existence of ruptured plaque (rp) in the CL.
By ICT temperature difference (T) between the CL and the proximal vessel wall was measured.
Results Patients with ACS had greater remodeling index than patients with CSA (1.15  0.18 vs. 0.90  0.12; p 
0.01), as well as increased T (0.08  0.03°C vs. 0.04  0.02°C; p  0.01). Patients with pRi had higher T
than patients with nRi (0.07  0.03°C vs. 0.04  0.02°C; p  0.001). In patients with nRi there was no differ-
ence in T between ACS and CSA (p  0.22). Patients with rp had increased T compared with patients without
rp (0.09  0.03°C vs. 0.05  0.02°C; p  0.01). Multivariate analysis showed that T was independently corre-
lated with the presence of rp, pRi, and ACS.
Conclusions The present study showed that culprit lesions with plaque rupture and positive arterial remodeling have in-
creased thermal heterogeneity, although in certain patients a discrepancy between morphogic and functional
characteristics was observed. A combination of morphologic and functional examination may offer additional
diagnostic and prognostic information. (J Am Coll Cardiol 2007;49:2264–71) © 2007 by the American
College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.03.026t
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cntravascular ultrasound (IVUS) studies demonstrated that
ulprit lesions of patients with acute coronary syndromes
ACS) have distinct morphologic characteristics. Compen-
See page 2272
atory enlargement of arterial dimensions at the site of
esions compared with the reference segments is a recog-
ized response to optimize shear stress and wall tension as
n attempt to overcome flow-limiting stenosis by preserving
n adequate lumen (1). Remodeling index (Ri) was shown
rom the First Department of Cardiology, Hippokration Hospital, University of
thens, Greece.c
Manuscript received November 20, 2006; revised manuscript received January 29,
007, accepted March 6, 2007.o be significantly higher in patients suffering from ACS
han in patients with chronic stable angina (CSA) (2,3).
oreover, in patients with ACS an increased number of
uptured plaques is observed compared with patients with
SA (4,5).
Certain risk factors have been related to vascular remod-
ling. Decreased adaptive or even constrictive remodeling
as been related to hypertension (6,7), decreased high-
ensity lipoprotein levels (7), age (8,9), and insulin-treated
iabetes mellitus (10,11). In contrast, insulin resistance in
ondiabetics is associated with expansive remodeling (12).
nterestingly, a constrictive arterial wall remodeling is ob-
erved during plaque-stabilizing therapy with statin medi-
ations (13).
Studies of human autopsy specimens investigated theorrelation between local inflammatory activation with ar-
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June 12, 2007:2264–71 Temperature and Remodeling of Culprit Lesionserial remodeling. Indeed, increased lipid core size, calcium,
acrophage, and matrix metalloproteinases content were asso-
iated with expansive arterial remodeling (14–16). Animal
tudies have confirmed this to be mediated through
nterleukin-6 (17), matrix metalloproteinases (18), and
-selectin (19,20). Furthermore, human systemic inflam-
atory mediators, such as C-reactive protein, interleukin-6,
oluble vascular and intercellular adhesion molecules 1, are
elated to culprit artery plaque size and arterial remodeling
21,22). However, there are no in vivo human studies
orrelating the local temperature with the morphologic
haracteristics, including arterial remodeling and plaque
upture.
Both experimental and human studies demonstrated that
laque temperature is correlated with increased macrophage
ontent (23–25), as well as systemic inflammatory indexes
26,27). Thus, intracoronary thermography (ICT) provides
n vivo evidence of local inflammatory activation in coronary
esions (28). The aim of the present study was to investigate
possible correlation between certain morphologic charac-
eristics and observed temperature of culprit lesions in
atients with symptomatic coronary artery disease (CAD)
uffering from CSA or ACS.
ethods
tudy population. We prospectively enrolled 81 consecu-
ive patients, scheduled for percutaneous coronary interven-
ion: 48 suffering from ACS and 33 from CSA. Angio-
raphic inclusion criteria were: 1-vessel disease with a single
ignificant lesion 20 mm in length and proximal reference
essel diameter 2.5 mm. Patients with multivessel CAD
f inflammatory or neoplastic condition were excluded from
he study, as were patients treated with corticosteroids or
onsteroidal antiinflammatory drugs, except for aspirin.
he institutional ethics committee approved the study
rotocol, and each patient provided written informed
onsent.
Chronic stable angina was defined as angina without
hange in frequency, duration, or intensity of symptoms
ver the last 6 weeks before the study. In patients with CSA,
schemia had to be documented with noninvasive tech-
iques. Patients suffering from unstable angina, defined as
ew onset of severe angina, accelerated angina, or angina at
est, were included in the ACS group. Patients with recent
yocardial infarction (1 month) were not included in the
tudy.
CT catheter. The technical characteristics of the ther-
istor and the data acquisition and processing system have
een previously described (29–31). Briefly, the coronary
hermography catheter contains 2 lumens: The first runs
hrough the distal 20 cm of the device and is used for
nsertion of a guidewire (0.014-inch), which is advanced by
monorail system. The thermistor is positioned at the distal
art of the thermography catheter. The ICT catheter used las 3-, 3.5-, or 4-F in diameter,
epending on the size of the
essel.
VUS imaging. The IVUS
atheter (Volcano Corp., Rancho
ordova, California) has a syn-
hetic aperture array electronic
ransducer design with a 20-
Hz operating frequency. The
mages were stored on a compact
isc for later review. Electrocar-
iographic tracings were contin-
ously displayed on the console
creen during the study.
rocedure. All patients under-
ent quantitative coronary an-
iography. The lesion of interest
as well delineated in 2 views, on
hich the positioning of the
atheters was based.
VUS EXAMINATION. The IVUS
maging catheter was inserted
nd advanced along the guide-
ire as distally as possible, using
uoroscopic guidance. With au-
omatic pullback (0.5 mm/s), ultrasound images were ob-
ained and recorded for quantitative data analysis.
CT PROCEDURE. Five minutes after the last injection of
ontrast medium, the ICT catheter was advanced through
he guidewire. Baseline temperature was obtained when the
hermistor had just emerged from the tip of the guiding
atheter without being in contact with the vessel wall.
hereafter, temperature was recorded at the proximal non-
iseased segment and at the atherosclerotic lesions, being
onfirmed by IVUS (26,32,33). The fluoroscopic images of
arget lesion and proximal nondiseased segment were frozen
uring IVUS catheter pullback and guided the ICT proce-
ure. Temperature difference (T) was calculated by sub-
racting the mean temperature of proximal vessel wall from
he maximal temperature at the lesion site. Afterward,
ercutaneous coronary intervention was performed.
VUS analysis. After the procedure, off-line analysis of the
ecorded images was performed blinded to the clinical
haracteristics and the temperature measurements by expe-
ienced investigators. Quantitative measurements were ob-
ained from the frames at the end-diastolic phase. Cross-
ectional ultrasound measurements were performed at the
esion site, which was the image slice with the smallest
umen area (LA); if there were several image slices with an
qually small lumen, the one with the largest external elastic
embrane area (EEMA) and plaque area (PA) was ana-
yzed. Cross-sectional ultrasound images in proximal
ealthy reference segments within 10 mm but before any
ajor side branch were also measured. The PA was calcu-
Abbreviations
and Acronyms
ACS  acute coronary
syndromes
CAD  coronary artery
disease
CSA  chronic stable
angina
EEMA  external elastic
membrane area
ICT  intracoronary
thermography
IVUS  intravascular
ultrasound
LA  lumen area
nRi  negative remodeling
index
PA  plaque area
pRi  positive remodeling
index
Ri  remodeling index
rp  ruptured plaque
T  temperature
differenceated as EEMA minus LA. Stenosis (%) was calculated as
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Temperature and Remodeling of Culprit Lesions June 12, 2007:2264–71he ratio of PA to EEMA. Remodeling index was defined
s the ratio of EEMAL (lesion) to EEMAR (reference).
wo patterns of Ri were recognized: positive remodeling
ndex (pRi) and negative remodeling index (nRi) were
efined as indices of 1 and 1, respectively.
We assigned plaques as ruptured when containing a
avity communicating with the lumen via an overlying
esidual fibrous cap fragment. A fissure without a cavity
ommunicating with the true lumen was not included in the
nalysis. Rupture sites separated by a length of artery
ontaining a smooth lumen contour and no cavity were
onsidered to represent different plaque ruptures (4,5).
tatistical analysis. Continuous variables are presented as
ean  standard deviation, and categoric variables are pre-
ented as absolute and relative frequencies. The presented
gures show median values and interquartile range owing to
he skewed distribution of T. Comparisons of T between
roups of study were performed with nonparametric statistical
ethods (Mann-Whitney criterion) owing to the small sample
nd the skewed distribution of the investigated indices. Cate-
oric variables were compared using the chi-square test and
ontinuous variables using the Mann-Whitney test (indepen-
ent comparison). Correlations between temperature and
VUS measurements were evaluated by the use of Spearman
orrelation coefficient. The effect of the interaction between Ri
nd clinical syndrome on log-transformed temperature differ-
nces was tested by the application of the analysis of covari-
nce. The correlation of T, as a continuous variable, with all
ariables was tested by linear multiple regression analysis. A
aseline Characteristics
Table 1 Baseline Characteristics
ACS (n  48) CSA (n  33) p Value
Age (yrs) 61.13 10.14 62.30 8.49 0.52
Gender (male) 43 (89.6%) 31 (93.9%) 0.69
Hypertension 30 (62.5%) 19 (57.6%) 0.81
Diabetes mellitus 6 (12.5%) 7 (21.2%) 0.36
Hypercholesterolemia 34 (70.8%) 25 (75.8%) 0.99
Smoking 28 (58.3%) 18 (54.5%) 0.82
Family history of CAD 20 (41.7%) 7 (21.2%) 0.07
Nitrates 21 (43.8%) 14 (42.4%) 0.99
Aspirin 26 (54.2%) 20 (60.6%) 0.65
ACE inhibitors 12 (25.0%) 7 (21.2%) 0.79
Statins 11 (22.9%) 8 (24.2%) 0.99
Calcium-channel blockers 10 (20.8%) 7 (21.2%) 0.99
Beta-blockers 17 (35.4%) 13 (39.4%) 0.81
Target vessel
LAD 19 (39.6%) 13 (39.4%) 0.44
LCx 14 (29.2%) 6 (18.2%)
RCA 15 (31.2%) 14 (42.4%)
Location
Proximal 20 (41.7%) 18 (54.5%) 0.70
Middle 17 (35.4%) 10 (30.3%)
Distal 11 (22.9%) 9 (27.3%)
CE  angiotensin converting enzyme; ACS  acute coronary syndromes; CAD  coronary artery
isease; CSA  chronic stable angina; LAD  left anterior descending coronary artery; LCx  left
ircumflex coronary artery; RCA  right coronary artery.tepwise backward elimination procedure evaluated the associ-
E
ation between T and age, gender, smoking, hypertension,
ypercholesterolemia, diabetes mellitus, family history of cor-
nary artery disease, plaque rupture, Ri, use of statins, and
linical syndrome. The cut-off for the p value for entering a
ariable in the model was set to 0.05, and the cut-off for
emoving a variable from the model was 0.10. Results from
ultiple regression analysis are presented as standardized beta
oefficients. All reported p values are exact, based on 2-sided
ests and compared with a significance level of 5%. Stata 6
oftware was used for the calculations (Stata Corp., College
tation, Texas).
esults
here were no significant differences between the 2 groups
egarding the baseline demographic and angiographic char-
cteristics (Table 1). Similar percentages of patients were
eceiving aspirin, angiotensin-converting enzyme inhibitors,
itrates, beta-blockers, calcium-channel blockers, and
tatins in each group. Ten patients (21%) with ACS had
on–ST-segment elevation myocardial infarction.
VUS measurements. At the proximal reference site,
here was no significant difference between CSA and
CS groups in EEMAR, PA, LA, or stenosis (Table 2).
imilarly, at the lesion site there was no significant
ifference between CSA and ACS groups in EEMAL,
A, LA, or stenosis. The Ri was significantly greater in
CS than in CSA (1.15  0.18 vs. 0.90  0.11; p 
.01) (Fig. 1). Positive Ri was more common in ACS
37.77% vs. 10.30%; p  0.01) and in lesions located in
he left anterior descending artery.
We also categorized the study population according to Ri:
7 patients with pRi and 34 with nRi. There were no
ifferences between these groups according to the baseline
emographic and angiographic characteristics (Table 3).
At the proximal reference site, there was no significant
ifference between both Ri groups with respect to stenosis
%), EEMAR, LA, and PA. At the lesion site, stenosis was
imilar between the 2 groups, and EEMAL and PA were
ignificantly lower in the nRi group (Table 4).
VUS Measurements
Table 2 IVUS Measurements
ACS (n  48) CSA (n  33) p Value
Reference
EEMAR (mm
2) 14.95 4.77 15.07 3.43 0.89
Lumen reference area (mm2) 9.07 3.19 9.48 2.69 0.55
Plaque reference area (mm2) 5.87 2.26 5.60 1.43 0.54
Stenosis (%) 39.09 7.51 37.44 7.37 0.33
Lesion
EEMAL (mm
2) 16.86 4.86 13.42 3.63 0.01
Lumen lesion area (mm2) 5.70 2.44 4.36 1.94 0.01
Plaque lesion area (mm2) 11.17 3.80 9.06 2.51 0.01
Stenosis (%) 66.01 10.26 67.86 9.12 0.41
Remodeling index 1.15 0.18 0.90 0.12 0.01EMAL  lesion external elastic membrane area; EEMAR  reference external elastic membrane
rea; other abbreviations as in Table 1.
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June 12, 2007:2264–71 Temperature and Remodeling of Culprit Lesionsemperature measurements. Baseline temperature mea-
urements were constant in each patient, varying by only
.02°C, with a standard deviation of 0°C to 0.03°C. Patients
ith ACS had higher T compared with CSA (0.08 
.03°C vs. 0.04  0.02°C; p  0.01) (Fig. 2).
Patients with pRi had increased T compared with those
ith nRi (0.07 0.03°C vs. 0.04 0.02°C; p 0.01) (Fig.
). Among patients with ACS, pRi showed higher T than
Ri (p  0.01), whereas no statistical significance was
chieved among patients with CSA (p  0.53) (Fig. 3,
able 5).
Patients with pRi suffering from ACS had higher T
han those with CSA (p  0.01). In patients with nRi there
as no difference in T between ACS and CSA (p  0.22)
Table 5). A good correlation was found between T and Ri
p  0.01; r  0.59) (Fig. 4).
Baseline Characteristics Stratified by the Remo
Table 3 Baseline Characteristics Stratified
Positive Remodeling (n
Age (yrs) 60.92 9.39
Gender (male) 45 (95.7%)
Hypertension 30 (63.8%)
Diabetes mellitus 8 (17.0%)
Hypercholesterolemia 35 (74.5%)
Smoking 23 (48.9%)
Family history of CAD 19 (40.4%)
Nitrates 19 (40.4%)
Aspirin 28 (59.6%)
ACE inhibitors 13 (27.7%)
Statins 12 (25.5%)
Calcium-channel blockers 12 (25.5%)
Beta-blockers 20 (42.6%)
Target vessel
LAD 22 (46.8%)
LCx 14 (29.8%)
RCA 11 (23.4%)
Location
Proximal 23 (48.9%)
Middle 15 (31.9%)
Distal 9 (19.2%)
Abbreviations as in Table 1.
IVUS Measurements Stratified by the Remodelin
Table 4 IVUS Measurements Stratified by th
Positive Remodeling
Reference
EEMAR (mm
2) 14.44 4.6
Lumen reference area (mm2) 8.72 3.1
Plaque reference area (mm2) 5.72 2.2
Stenosis (%) 39.49 7.7
Lesion
EEMAL (mm
2) 16.72 4.9
Lumen lesion area (mm2) 5.68 2.6
Plaque lesion area (mm2) 11.04 3.3
Stenosis (%) 66.53 10.Abbreviations as in Table 2.uptured plaques. Plaque rupture was more frequently ob-
erved in patients with ACS (n 39.6%) than in patients with
SA (n  15.2%; p  0.01). Ruptured plaques had increased
T compared with nonruptured (0.09  0.03°C vs. 0.05 
.02°C; p  0.01). Among patients with CSA, those with
uptured plaque had higher T than those without (p 0.01).
n the subgroups of patients with ruptured and nonruptured
laques, T was increased in the presence of ACS compared
o CSA (p  0.01) (Table 6, Fig. 5).
After multiple regression analysis, T was significantly
ssociated with the presence of ruptured plaque (  0.48;
 0.001), positive remodeling (  0.18; p  0.03), and
resence of ACS (  0.34; p  0.001). Moreover,
egarding the other variables entered in the initial model,
T was borderline associated with age (  0.19; p 
.03) and male gender (  0.16; p  0.08).
g Index
e Remodeling Index
Negative Remodeling (n  34) p Value
62.56 9.64 0.45
29 (85.3%) 0.69
19 (55.9%) 0.49
5 (14.7%) 0.99
24 (70.6%) 0.80
23 (67.6%) 0.11
7 (20.6%) 0.09
16 (47.1%) 0.65
18 (52.9%) 0.65
6 (17.6%) 0.42
7 (20.6%) 0.79
5 (14.7%) 0.28
10 (29.4%) 0.25
10 (29.4%) 0.03
6 (17.7%)
18 (52.9%)
15 (44.1%) 0.91
12 (35.3%)
7 (20.6%)
ex
modeling Index
47) Negative Remodeling (n  34) p Value
15.77 3.59 0.17
9.96 2.63 0.07
5.82 1.58 0.83
36.94 6.90 0.13
13.72 3.69 0.004
4.43 1.46 0.02
9.30 3.40 0.03
67.09 9.62 0.80delin
by th
 47)g Ind
e Re
(n 
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Temperature and Remodeling of Culprit Lesions June 12, 2007:2264–71iscussion
he results of the present study demonstrate that certain
orphologic characteristics of culprit lesions are correlated
ith local plaque temperature measurements. Specifically,
rterial remodeling and plaque rupture are independent
redictors of T. We also confirmed previously reported
mpact of clinical syndrome in local temperature measure-
ents (30,34,35). Moreover, we observed that in patients
uffering from CSA there is no difference in T between
esions with positive and negative Ri.
Figure 1 T in Lesions With
Negative and Positive Remodeling
Difference between atherosclerotic plaque temperature and background tem-
perature (T) in patients with negative remodeling and those with positive
remodeling. The bottom of each box represents the first quartile, the top of
the box represents the third quartile, and the line in the box represents the
median value of T.
Figure 2 T in Patients With ACS and CSA
Difference between atherosclerotic plaque temperature and background tem-
perature (T) in patients with acute coronary syndromes (ACS) and those with
chronic stable angina (CSA). The bottom of each box represents the first quar-
tile, the top of the box represents the third quartile, and the line in the box
represents the median value of T.ASeveral factors have been found to be associated with
ositive arterial remodeling, primarily, the clinical syn-
rome, because positive remodeling is found more fre-
uently in patients with ACS and negative remodeling in
atients with CSA (3).
Several variables affect the process of remodeling, includ-
ng hypertension (6,7), hypercholesterolemia (7), age (8,9),
iabetes mellitus (10,11), and statin treatment (13). In the
resent study, after stratification of the population by the
linical syndrome, all of the mentioned variables were
imilar between the compared groups.
A significant correlation between inflammation and arte-
ial remodeling has been recognized in several autopsy and
nimal studies. Enhanced macrophage infiltration in human
theromatic plaques is associated with positive arterial
emodeling (14–16). Experimental animal studies showed
his to be mediated through inflammatory indexes including
nterleukin-6 (17), matrix metalloproteinases (18), and
-selectin (19,20). In vivo human studies, however, have
ot investigated this correlation, except for recent studies
xploring the linkage between systemic C-reactive protein
nd arterial remodeling at the culprit lesions of patients with
cute myocardial infarction (21,22).
Local inflammatory activation was evaluated by ICT,
ecause that is the only method currently available that can
e used in vivo to measure heat generation from atheromatic
laques indicating local inflammation (28). Previous ex vivo
Figure 3 Temperature Measurements Stratified
by Clinical Syndrome and Remodeling Index
The T stratified by clinical syndrome and remodeling index. The bottom of
each box represents the first quartile; the top of the box represents the third
quartile, and the line in the box represents the median value of T. Abbreviations
as in Figure 1.
emperature Difference Stratifiedy Remodeling Ind x and Type of Syndrome
Table 5 Temperature Difference Stratifiedby Remodeling Index and Type of Syndrome
Positive Remodeling
(n  47)
Negative Remodeling
(n  34)
p
Value
ACS (n  48) 0.08 0.03°C (n 37) 0.05 0.03°C (n 11) 0.01
CSA (n  33) 0.04 0.02°C (n 10) 0.03 0.01°C (n 23) 0.53
p value 0.01 0.22bbreviations as in Table 1.
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June 12, 2007:2264–71 Temperature and Remodeling of Culprit Lesionsnd in vivo studies have shown that plaque temperature
eflects the pathologic substrate of the lesion (23–25,36,37)
nd moreover is correlated with systemic inflammatory
ndexes (26,30). Inflamed plaques, with greater percentage
f macrophages, have higher thermal heterogeneity.
The results of the present study confirmed the correlation
etween increased functional characteristics, adaptive arte-
ial compensatory enlargement, and distinct morphologic
haracteristics of the culprit lesion. This is clearly demon-
trated, first, by the correlation of remodeling index with
T, second, by the increased T of ruptured plaques, and,
nally, by the results of the multivariate analysis, which
ndicated the independent correlation between the 2 latter
ariables and T. In the multivariate analysis we did not
onfirm previous observations regarding the effect of statins
n T, possibly owing to the small number of patients
eceiving statins in the present study. We did not correlate
ther qualitative characteristics of the atheromatic plaques
ith T, because the sensitivity of IVUS for tissue charac-
erization, known to be related to plaque vulnerability,
eems to be limited compared with other new invasive
ethods. The results of the present study justify the design
f a study for the investigation of a possible correlation
etween temperature measurements and qualitative plaque
haracteristics evaluated by optical coherence tomography,
hich has an increased resolution even for quantification of
Figure 4 Correlation of T and Ri
Remodeling index (Ri) is positively correlated with the difference between
atherosclerotic plaque temperature and background temperature (T)
(p  0.01; r  0.59).
Temperature Difference Stratified by Plaque Rup
Table 6 Temperature Difference Stratified b
ACS (n  48)
Ruptured (n 24) 0.10 0.03°C (n 1
Nonruptured (n 57) 0.06 0.03°C (n 2
p value 0.01Abbreviations as in Table 1.acrophage concentration in the cap of atherosclerotic
esions (38).
It should be emphasized, however, that in certain
atients a discrepancy was detected between the morpho-
ogic characteristics and plaque temperature. Interest-
ngly, in patients with CSA T was similar between
atients with positive and negative Ri. This discrepancy
as also found in patients with nRi, in which T was
imilar between ACS and CSA groups. These observa-
ions suggest that local inflammatory activation, as de-
ected by ICT, is not the only pathophysiologic substrate
nvolved in ACS and positive remodeling, and the
pecific morphologic characteristics, as detected by
VUS, may not reveal all “high-risk” plaques. Therefore,
he combined use of ICT measurements and pRi for the
dentification of vulnerable plaques warrants further
nvestigation.
linical implications. Previous studies have shown that
rterial remodeling (39) and thermal heterogeneity (35) are
rognostic factors for long-term outcome after percutaneous
oronary interventions. The combination of both morpho-
ogic and functional characteristics may provide more accu-
ate risk stratification after percutaneous coronary interven-
ion, especially in the era of drug-eluting stents. Patients
ith negative remodeling and lower thermal heterogeneity
ay have lower risk for an event. Especially for patients
resenting with ACS, the role of plaque erosion and not
upture should be further investigated, because erosion is
Figure 5 T in Nonruptured and Ruptured Plaques
The presence of ruptured plaque is associated with increased T both in
patients with ACS and in those with CSA (p  0.01). The bottom of each box
represents the first quartile, the top of the box represents the third quartile,
and the line in the box represents the median value of T. Abbreviations as in
Figures 1 and 2.
and Type of Syndrome
que Rupture and Type of Syndrome
CSA (n  33) p Value
0.06 0.02°C (n 5) 0.01
0.03 0.02°C (n 28) 0.01
0.01ture
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atients suffering from ACS with increased heat production
nd positive remodeling may require an aggressive interven-
ional and pharmaceutic treatment. All these issues need to
e clarified in a prospective study.
tudy limitations. We included only patients with 1-vessel
isease and significant stenosis, as confirmed by IVUS, at
he culprit lesions. A minimal lumen area of 5.7 mm2 was
ound in ACS, possibly owing to the positive remodeling
bserved in these patients, although the stenosis was similar
o that in the CSA group. Significant lesions were studied to
void the “cooling effect” of blood flow on plaque temper-
ture measurements (31,40) and to ensure contact of the
hermistor to the target lesion. Moreover, different-
iameter coronary thermography catheters were used, de-
ending on the diameter of the target coronary artery. We
herefore cannot extrapolate the present results to interme-
iate lesions and patients with multivessel disease. Further-
ore, there was no difference in stenosis between the ACS
nd CSA groups. Therefore, the difference observed in T
etween the 2 groups confirmed previous observations
29,30) and cannot be attributed to the “cooling effect” of
lood flow.
Earlier studies (5,41) have demonstrated that patients
ith ACS have diffuse vulnerability and multiple plaque
uptures even proximal to the target lesion. Although
roximal ruptured sites would only underestimate the
resent results, because the temperature of the proximal
essel wall would be increased, we included patients with
istinct lesions, and the proximal vessel wall was free of
upture as evaluated by IVUS.
Another known factor influencing thermal heterogeneity
s the administration of statins (26,33,42). We did not find
n effect of statins on T, because, first, a limited number of
atients were under statin therapy in the whole study group
nd, second, the percentage of treated patients was similar
etween the studied groups. Finally, these findings were
bserved only in culprit lesions producing significant steno-
is. Whether this correlation between certain morphologic
nd functional characteristics is also found in nonculprit
esions needs further investigation.
onclusions
e revealed a correlation between atheromatous plaque
istinct morphologic and functional characteristics assessed
y IVUS and coronary thermography, respectively. In cer-
ain patients, however, a discrepancy between temperature
easurements and morphology was observed. Whether the
ombination of morphologic and functional examination of
theromatous plaques will offer additional information for
he identification of “high-risk” plaques and for the risk
tratification of coronary heart disease needs to be further
nvestigated.eprint requests and correspondence: Dr. Konstantinos
outouzas, 26 Karaoli and Dimitriou str., Holargos, 15562 Ath-
ns, Greece. E-mail: ktoutouz@otenet.gr.
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